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I. INTRODUCTION

Measurements of rate coefficients for energy transfer and deactivation
processes in HF(v 1) + DF(v 2 0) collisions have not been reported in the
literature for v 4 > 1. The laser-excited fluorescence method has been

1-6used to measure the temperature-dependent quenching rate coefficient
for (v—..v + v-.R) processes in HF(v1 = I) + DF(v2 = 0) collisions. These

measurements indicate rapid coupling between the vibrational and rotational
motions. The laser-excited fluorescence technique has been used1’~~’

6 also

to measure the temperature-dependent quenching rate coefficient for the
v —..R deactivation process in DF(v 1 = 1) + HF(v

2 
0) collisions. Because of

the large endothermicity (1055 cm~~ ) in DF(v 1 = 1) + HF(v2 = 0) collisions,
the v — v  process is assumed not to occur . This has been confirmed in
laser-excited induced fluorescence experiments. The double exponential

decay observed in FLF(v 1 = 1) + DF(v2 = 0) collisions, for example , is not

observed in DF(v1 = 1) + HF (v 2 = 0) collisions. The upper v1 levels in

DF(v 1) + HF(v 2 = 0) collisions also reflect v— c R transfer .  These processes
are endotherrnic , and the endothermicity increases with increasing v 1 for
single quantum v transitions. We assume that the role of v —.. R energy
transfer in HF(v1) + HF(v 2 = 0)~ HF(v 1) + DF(v 2 = 0), and DF(v

1
) + DF(v 2 = 0)

collisions can be deduced experimentally from studying v— R  processes in

• DF(v 1) + HF(v 2 0) collisions. Flow-tube studie s have been carried out at
room temperature by Airey and Smith , Kwok and Wilkins , 8 and Smith9 on
v--cR relaxation of DF(v 1 ~ 1) + HF(v 2 = 0). Airey and Smith7 reported a
36% increase in the v — R  rate in going from v 1 = I to v1 = 2. Kwok and

Wilkins8 found a v2 dependence in going from v 1 = 1 to v
1 3. Smith9 found

a v dependance in going from v 1 = I to v 1 = 5. These discrepancies and
lack of accurate rate data for upper vibrational levels point out the need for
further experimental measurements and theoretical calculations of both v
and temperature-dependent rate coefficients for the energy-transfer and

-7-



deactivation processes that occur from upper vibrational levels in HF(v 1)

+ DF(v2 = 0) collisions as well as in DF(v1) + I-IF (v 2 = 0) collisions.

Previous trajectory studie s10”t on HF(v1 ) + HF(v
2

) and DF(v 1) +

DF(v2) collisions predicted the role of rotational degrees of freedom in
- 
reaction dynamics. In particular, it was found that one or more quanta

of vibrational energy of the vibrationally excited HF or DF molecule is con-
verted into rotational energy of the same molecule in HF + HF, and DF + DF
collisions. This conversion of vibrational energy into rotational energy of
the same molecule occur s by an intramolecular energy-transfer process
and is responsible for formation of high rotationa l states of hydrogen halides
and their isotopic analogs. Such high rotational states cannot be formed
from chemical pumping reactions , for example , such as H + F2 or F + H2.
The v—v , v— R , and R--c (R ’, T) rate coefficients presented in these pre-
vious studies 10’ U provide the rate data required to calculate both v and

temperature-dependent quenching rate coefficients for HF(v 1) + HF(v 2), and

DF(v 1) + DF(v 2 ) systems. The v--cR and R- --( R ’, T) rate coefficients were
• used in a rotational nonequilibrium model* to evaluate the temperature-

dependent quenching rate coefficients for self-relaxation of HF(v 1 = 1) and

DF(v 1 = I) .  The results were in good agreement with available experi-
mental data.

A trajectory study was undertaken to calculate the temperature-

dependent v—R rate coefficients that occur in the HF(v1) + DF(v2
) and

DF(v 1
) + HF(v2) systems. This work completes our t ra j ectory studies of

HF(v 1) + HF(v 2) collisions and their isotopic analogs. The v— R  rate

coefficients are used to calculate temperature-dependent quenching v—R

rate coefficients for vibrational relaxation of HF(v 1 = I)  by DF(v
2 

= 0) and

DF(v 1 = 1) by HF(v 2 = 0). Rate coefficients are calculated for i2 (v— v)
energy-transfer processes that occur in HF(v1

) + DF(v2) collision.. Eleven
of the twelve v— v processes have not been experimentally determined.

L. Wilkins and M. A. Kwok , “Temperature Dependence of HF(v 1 = 1)
+ HF(v2 = 0) Vibrational Relaxation , ” TR-0078(3603)-5, The Aerospace
Corp., to be published.

-8-
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II .  M E TH C ’ OF CALCULATION

The potential energy surface used here for HF-DF and DF-HF
interactions is constructed from two functions , a London- Eyring-Polanyi-
Sato (LEPS) potential energy function for the short-range interactions and
a point charge , dipole-dipole potential function for the long-range inter-
actions between the four atoms. The method of constructing this surface
has been described 11 

previously for HF(v1) + HF(v 2 ) interactions and ,
therefore, is not repeated here.

The quasi-classical procedure described in Ref. 12 was used to

examine the collision dynamics of diatomic-diatomic energy-transfe r
processes. The Harniltonian equation that describes the four-pa rticle sys-
tem was written in generalized coordinates , and the resulting set of 18
equations was integrated on a CDC 7600 computer. The initial vibrational
states of HF(v 1,J 1) and DF(v2,J2) were assigned the vibrational quantum
numbers v1 and v2, respectively. Calculations were made with values of

and v2 varying from 0 through 4. The rotational quantum numbers

and were Monte-Carlo selected for the calculations involving v—v and
v— .R energy-transfer processes. The initial values of the coordinates in

each collision were determined by means of (1) a fixed relative-translational
energy of the reactants, (2) a chosen initial relative separation between the
centers of mass of the diatomic molecules , (3) chosen values of the rota-
tional quantum numbers and J

~~
, (4) the impact parameter , (5) the

vibrational phase angles of both molecules, (6) two sets of orientational
angles, and (7) the rotational planes of both molecules. Averaging over
initial internal states of HF(v ,J ) and DF(v ,J ) was carried out by the
technique described by Porter, Raff, and Miller. For excited vibrational

states, the calculation of the initial values of the momenta P.(i = I,... , 9)

is more difficult because the initial amplitudes of both molecules are no

longer the classical turning points, and the internal momentum vectors are

-9-
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no longer perpendicular to the bond axis. - For this case , a meth od based
on Euler angles and adequately described in Ref. 12 was used. The distance
R between the center of mass of the HF and DF molecules was taken to be
8 a. u. This value is large enough to ensure a negligible initial interaction
energy. Relative translational energies were assigned values that ranged
from 0. 5 to 6 kcal/mole. Approximately ZOO trajectories were run for each
initial set of parameters. A uniform distribution was used for the square
of the impact parameter b. All runs were made with a maximum impact
parameter of 2.5 A. The step size was 5.7 X ~~~17 

sec. The integration
technique , which has not been reported in the literature, * was faster than
the Runge-Kutta-Gill procedure , with the accuracy of the integration
tested by changes in the step size and by integration backwards along
selected trajectories. As an additional verification of numerical accuracy,
all trajectories were checked at each point along the trajectory for con-
servation of total energy and total angula r momentum . Computation time
for a single trajectory was dependent on the initial parameters but was , on
the average, about 9 sec per trajectory on the CDC 7600 computer.

The final properties of each trajectory were analyzed to determine
the nature of the collision, i. e., the total angular momentum and vibrational-
rotational energy of the HF and DF molecules. The partition of the internal
energy between vibrational and rotational energy was determined from the
internal energy of the HF and DF molecule and their total angular momentum.
The actual technique for calculating the partitioning of the internal energy
has been described previously

15 
and is not repeated here. The v—v energy-

t ransfer  cross sections were calculated by Method 2 described in a previous
paper by Wilkins. 

16 
In Method 2, it is assumed that vibrational energy is

transferred in every collision and that only one quantum state is accessible
in the transfer process. The energy-transfer cross sections and specific
rate coefficients were calculated by means of the equations given by
Karplus, Porter, and Sharma. 17

- • *G Emanuel, personal communication.

-10-



UI. RESULTS AND DISCUSSION

A. VIBRATIONAL-TO-ROTATIONAL ENERGY TRANSFER

This trajectory calculation indicates that collision complexes are not
formed for typical HF-DF or D~’-HF collisions. This result is not unex-
pe cted inasmuch as the potential energy surface used is identical to that
used for HF-HF and DF-DF collisions. Previous trajectory studies 10 ’ ~~
on the HF-HF and DF-DF systems indicated that dimer formation is not
required to explain vibrational self-relaxation of HF(v 1 = I )  or of DF(v 1 = 1)
in the temperature range at and beyond 300 K. This study shows also that
v--cR processes in HF-DF and DF-HF collisions occur by intramolecular
energy exchange. The vibrationally excited HF or DF molecule can convert
one or more quanta of its vibrational energy into rotational energy. This
v--cR mechanism is responsible for the high rotational states reported by

‘ I  
several authors. (8 , 19 Krogh and Pimentel21 results indicate that the direct

• population of high rotational states by chemical pumping reactions can be
ruled out . The v— R  mechanism proposed by Krogh and Pimentel21 

were
ob served in this and previous trajectory studies. 10’ 11 The trajectory

• studies predicted rapid v— R  deactivationa with large AJ changes. Specific

v — R  rate coefficient s for FIF-DF collisions are given in Tables I through 3,
and for DF-HF collisions in Table s 4 through 6. The qualitative results
of these v—R processes are as follows:

I . The incident vibrationally excited HF or DF molecule
converts one or more quanta of its vibrational energy into

rotational energy through an intramolecular v--cR energy-
transfer mechanism. This v — R  mechanism is responsible
for the formation of high rotational states of HF or DF.

2. The energy defects across the reactions for these v —R
processes have smaller values than would have been

• — 11 —
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predicted if both reactant and product species were
assumed to be rotatrnnless.

3. Little change occurs in the internal energy state of the
target molecule .

Higher rotational states of DF are populated in DF(v) + HF collisions
than in HF(v) + DF collisions because the rotational energy of DF at each
value of J is slightly higher than one-hall that of HF at the same value of J.
Since a quantum of vibrational energy of DF is approximately 75% that of
HF , the J-states of DF are less than twice tho.e of HF. The net effect
indicate s only a slight increase in the J-states for DF as compared with
those for HF. The results in Table s I throug h 6 indicate that the deuterated
species of the hydrogen halides relax more slowly than their hydrogenated
analogs.

Detailed rat e coefficient s k , ; ,, s are listed in Tables 7v i Vz V1 V2
through 10 for v — R  deactivation processes that occur in HF(v 1) + DF(v 2) and

DF(v 1) + HF(v 2 ) collisions. The overall rate coefficients k
~~ in each table

• increase slightly with increasing v. Rate coefficients are given in
Tables 8 and 10 for collisions of vibrationally excited specie s, i. e• ,
HF* + DF* or DF* + HF5’). Within calculated error , k , ; ,, , and• vj v2 v4 v2
k are almost identical. Analysis of the trajectory results incficates a

Vi’. 0 5temperature dependence of T - for the v— v  and v — R  energy-transfer
processes.

The rate coefficient s given in Tables 7 through 10 indicate an
increase in the number of v— R  channels . Those in Table s 7 and 9 indi-
cate a decrease in the specific rate coefficients for v — R  processes with
increasing v for collisions involving only vibrationally excited species. The
overall rate coefficients presented in Tables 7 and 9 are not comparable
to the effective quenching rate coefficients measured in the laboratory.
The predicted large increase in the ratio kvR (v Z ) I k vR(v = 1) is due to the
increase in v— R  energy-transfer processes that results from the opening
of two channels for conversion of vibrational energy into rotational energy.
Kwok and Wilkins 8 found that the rate coefficients for v-.R deactivation of
DF(v) by HF have a V

2 vibrational dependence. The rate coefficient.

-18-

—4



- •  ~~~~~~

-‘p

Table 7. Rate Coefficients kvj ,  v~ 4. v ’ for Vibrational-to -
• Rotational Energy Transfer ln lfr(v 1) + DF(v 2 )

Collisions at T = 300 K

V 11 V
2 

v~ v~ kv v ; v i v ,a kVR
a

1 0 0 0 35.7 * 3. 0 35.7 ~ 3. 0

2 0 1 0 21, 1*2 .7

2 0 0 0 20. 2 * 2 .7 41 . 3 *3 .1

3 0 2 0 16 . 7 ± 2 .4

3 0 1 0 15. 0 *2 .3

3 0 0 0 1 5 . 4*2 .3 47 . 1*3 . 1

4 0 3 0 14. 5 ± 2 .3

4 0 2 0 1 1 . 0*2 .1

4 0 1 0 12. 8 ± 2 . 2

4 0 0 0 11.4 ± 2 .1 49. 7 *3 . 1

a~~ units of 1012 cm3/(mole-sec) .
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Table 8. Rate Coefficients k~ 1, v2; v~ , v~ for Vibrational-to-
Rotational Energy Transfer in }~F(v 1) + DF(v 2 )
Collisions at T = 300 K

v v v ’ v ’ k , , k a
1 2 1 2 v1, v2;v1, v2 

y
R

I 1 1 0 1. 7 * 0 , 3
1 1 0 1 2. 0 * 0 .3
1 1 0 0 1.0 * 0 .2 4. 7 * 0 .3
1 2 1 1 1.5 * 0 . 2
i 2 1 0 0. 9* 0.2
1 2 0 2 1.8 *0 . 3
1 2 0 1 0. 5 * 0 . 1
1 2 0 0 0.7 * 0 . 2 5. 4 * 0 .4
j  3 1 2 1.3 ± 0 .2
1 3 1 1 1.0 *0 .2
1 3 1 0 0. 6 ± 0 , 2
1 3 0 3 1. 5 *0 . 2

• 1 3 0 2 0.7 ± 0 , 2

• 1 3 0 1 0. 3* 0 . 1
1 3 0 0 0 . 5 ± 0 . 1 5 . 9 ± 0 . 3
2 2 2 1 1 .4 ± 0 . 2
2 2 2 0 0 . 6 ± 0 . 2
2 2 1 2 1 . 1 ± 0. 2
2 2 1 1 O . 4 ± O ~ j
2 2 1 0 0 . 5 ± 0 . 1
2 2 0 2 1 . 0 ± 0. 2
2 2 0 1 1 . 3 ± 0 . 2
2 2 0 0 0 . 5 ± 0 . 1 5 . 8± 0 . 3

units of IO~~ cm3/(mole-sec).
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Table 9. Rate Coefficients kvj, V2; ,‘ v~ for Vthratj onaj -to.-
• Rotational Energy Transfer In DF(v 1) + HF(v2 )

Collisions at T = 300 K

v v~ kv v ; v , v,a kVR
a

1 0 0 0 32 , 8*3 . 0 32 , 8 *3 , 0

2 0 1 0 20 . 2 * 2 .6

2 0 0 0 18. 5 ± 2. 6 38. 7 e 3. 1

3 0 2 0 14.2 *2 .3

3 0 1 0 10 .9 * 1,9

3 0 0 0 16.4 ± 2.4 -41 . 5 ± 2.9

4 0 3 0 12, 3 ± 2 .2

4 0 
- 

2 0 11.9 * 2.2

4 0 1. 0 11. 1± 2 . 1

4 0 0 0 12 . 3 *2 .2 47 . 5 ± 3 .1

a1 units of 10 12 cm3 /(mole-aec).
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Table 10. Rate Coefficients k~ j , ~ 2; v~ . v~ for Vibrational -to -
• Rotational Energy Transfer in DF(v1) + HF(v2 )

Collisions at T = 300 K

- s s a av v v v k , , kI 2 1 2 v1, v2, v1, v2 y
R

1 1 1 0 1. 8 ± 0 . 2
1 1 0 1 1. 9 ± 0 .2
1 1 0 0 0.9 ± 0 . 2 4.6 *0 ,3
1 2 1 1 1 . 6± 0 . 2
1 2 1 0 0 . 9 ± 0 .2
1 2 0 2 1. 6 ± 0 .2
1 2 0 1 0. 6 ± 0 . 2
1 2 0 0 0.7 ± 0 .2 5.4 * 0 .3
1 3 1 2 1. 5 ± 0 .2
j  3 1 I 1. 0 ± 0 .2
1 3 1 0 0.7 ± 0 . 2
1 3 0 3 1. 5 ± 0 .2
1 3 0 2 0.6 ± 0 .2
1 3 0 1 0.2 ± 0 . 1
1 3 0 0 0. 5 ± 0 . 1 6.0 ± 0 .3
2 2 2 I 1. 5 * 0 .2
2 2 2 0 0.7 * 0 .2
2 2 1 2 1. 1 ± 0 .2
2 2 1 1 0.4 *0 . 1
2 2 1 0 0. 5 * 0 . 2
2 2 0 2 1.0 ± 0 .2
2 2 0 1 0.3 *0 . 1
2 2 0 0 0. 5 ± 0 .2 6.0 ± 0 .3

a1 units of i0~~ cm3 /(mole-sec).
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1 for deactivation from a given initial v1 level to the final v
levi l a~ e a’pproxirnately equal. The results in Tables 7 and 9 imply that
the total quenching rate coefficient for v— R  deactivation should perhaps be

partitioned equally among the (v 1—.v ) transitions possible from a given v
level. The measured v— R  rate coefficients represent total deactivation
rates from each initial vibrationa l level v. The product hydrogen halide
molecules are distributed over all the vibrational levels below the initial

vibrational level.

B. VIBRATIONAL TO VIBRATIONA L ENERGY TRANSFER

Because of the large endothermicity (1055 cm 1) in DF(v 1 = 1) +

HF(v 2 = 0) collisions , it has been confirmed in laser-excited induced
• fluorescence experiments that the v — v  process probably- doe s not occur.

— 
The double exponential decay observed in HF(v 1 = 1) + DF(v 2 = 0) collisions

does not occur in DF(v 1 = 1) + HF(v 2 = 0) collisions. Rat e coefficients are

given in Tables 11 and 12 for room-temperature v —v  energy-transfer
processes obtained from this trajectory study. The collision dynamics

indicate quite clearly that , in v— v  transfer in HF(v 1) + DF(v 2 ) and DF(v 1) +

HF(v 2) collisions , vibrationally excited HF molecules transfe r vibrational
energy to the DF molecules. This result concur s with the laser-excited
induced fluorescence experiments. The v--v process DF(v1 = 1) +

HF(v 2 = 0)—DF(v = 0) + HF(v~ = 1) has a very small cross section because

of its large endothermicity (1055 cm 1). As a consequence, trajectory
studies were completed only for v--v processes that were exothermic. It

• was not possible to calculate the ~ E energy mismatch for the endotherrnic

and exothermic processes without the appropriate rate coefficient in the
endothermic direction for the v — v  process; thus , . ‘ lumn 6 of Tables 11

and 12 is left blank. The energy mismatch calculated under the assumption

that both reagent and product HF or DF molecules have zero rotational

energy is given in column 7. Previou, trajectory studies 10 ’1’ have shown

-23-
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that , in order to calculate a realistic energy-defect for these processes ,
one must consider the rotational states of the reagent and product species.
This trajectory study indicates also that multiple v--v exchange processes
do not occur with any great probability. If such processes did occur , we
would expect v— v exchange from DF(v = 2) to HF(v = 1). No collisions
were observed in which the DF molecule transferred vibrational energy to
the HF molecule. The rate coefficients for v— v  processes HF(v 1) +

DF(v 2 = 0) — HF(v = v 1 - 1) + DF(v~ = 1) with v 1 = I through 4, respectively,
increase with increasing vibrational quantum number v 1. The computed rate
coefficients for the v— v  processes were k(v 1 = 1, v2 = 0; v = 0, v2 = 1) =
1.6 X 10 cm3/(mole-sec) and k(v 4 ,  V., = 0; v = 0, v - 1, v~ = 1) =(v — 1) £ £ £
j , 4  1 k(i , 0; 0, 1) at 300 K. There is an increase in these rate coeffi-
cient s with decreasing energy-defect.

For HF(v 1 = 1) + DF(v 2 = 0) collisions , the calculated v— v  room-
temperature rate coefficient kVV 

= (1. 6 ± 0. 9) x i0~~ cm 3/(mole-sec) can be
compared with the reported (v~~ v + v — ’-R) values of 2. 5 x i0~~ cm3/ (rnole-
sec) by Ahl and Cool3 and Lucht and Cool , 4 1.4 X 10 12 cm3/(mole-sec) by
Bott and Cohen , 2 and 1.2 x ~~ I2 cm 3/(mole-sec) by Hinchen. It is du ll-
cult to assess the actual value of rate coefficient for v— v processes because
the v— R  and the v— v  processes are coupled in the experimental measure-
ment . The measured rate coefficients, therefore , represent the sum of the
contributions from the v— v and the v— R  energy-transfer processes. The
rate coefficients for the v— v  processes HF(v 1 = 1) + DF(v 2)—HF(v ~ = 0)
+ DF(v~ = v

2 + 1) with v2 = 1 through 3 decrease with increasing v2
These rate coefficient, decrease with increasing energy defect. The rate
coefficients for v--v processes DF(v 1 = 1) + HP(v2)— D ~’(v = 2) +

HF(v~ = v2 - I) with v
1 

= .1 through 3 decrease slightly with increasing v2.
Since there is an increase in energy defect , we believe that these v— v rate
coefficients should exhibit an increase with increasing v2. The rate coeffi-
cients for v— v exchange for HF(v 1 = 1) + DF(v 2 = 1) collisions and
DF(v = 1) + HF(v = 1) should be identical. The trajectory study predicts
a value of (7. 9 ± 1. 8) x 10 cm /(mole-sec) for v— v  exchange for

- 
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• HF(v 1 = 1) + DF(v2 = 1) collisions and a value of (10. 1 ± 2. 0) x io l2 cm3,’
(mole-sec) for DF(v 1 = 1) + HF(v 2 = 1) collisions . Both values are within
the statistical error. This type of discrepancy might explain why the
calculated v—v rate coefficients for DF(v 1 = i) + HF(v 2 ) collision, were
found not to increase with increasing energy defe ct. There are no experi-
mental results available with which to compare these rate coefficients for
v— v energy-transfer processes from the upper vibrational levels . These
theoretical results provide insights into the mechanisms of v— v  energy-
transfer processes from upper vibrational levels in hydrogen fluoride and
deuterium fluoride systems.

C. VIBRATIONA L RELAXATION OF HF(v 1 = 1) BY DF(v2 = 0)

AND OF DF(v 1 = 1) BY HF (v 2
The detailed rat e coefficient s for the v— R  energy-transfer processes

listed in Tables I and 4 together with the R — (R ’, T) rate coefficients pre-

sented in recent papers by Wilkins 10’11 were used in a rotational non-
equilibrium model to calculate temperature-dependent quenching rate
coefficients for vibrational relaxation of HF(v 1 = 1) by DF(v 2 = 0) and of
DF(v 1 = 1) by HF(v 2 = 0). A description of this rotational nonequilibrium
model was discussed previously by Wilkine and Kwok* and will not be
repeated here .

In Figs. 1 and 2 , the results are seen to be in good agreement with
measured relaxation rates. Blauer et al. 22 reported that , within their
experimental scatter , the vibrational relaxation times of these two systems
are identical in the temperature range between 1500 and 4000 K. The
calculated results obtained from the rotational nonequilibr ium model tend
to approach those of Blauer et al. 22 The relaxation times for DF(v 1 = I)

by H,F(v2 0) lie between those for DF(v 1 = I) by DF(v 2 = 0) and HF(v 1 = I)
by HF(v2 = 0). PT is larger for DF(v 1 = 1) + DF(v 2 0) collisions than for

L. Wilkins and M. A. Kwok, “Temperature Dependence of H1’(vj = 1)
+ HP(v2 = 0) Vibrational Relaxation,” TR-0078(3603)-5, The Aerospace
Corp. , to be published .

4
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HF(v 1 = I)  + HF(v2 = 0) collisions. The v — R  transfer in HF(v 1 = I)  +

HF(v2 = 0) collisions occurs more rapidly than in DF(v 1 = 1) + DF(v 2 = 0)
collisions. The relaxation times for HF(v 1 = 1) by DF(v2 = 0) lie below
those of HF(v 1 = I) -by HF(v2 = 0). The values of the ratios
kDF DF I kDF HF/kHF DF, and kHF HF/kHy DF obtained from the
theoretical model are in good agreement with the available experimental
data. The references for the available experimental data are indicated in
Figs. I and 2 and in recent papers by Wilkina .t0 ’11’1~ The theoretical
results show that a model that considers the formation of high rotational
states by v— R  intramolecular processes is capable of explaining the
observed temperature -dependent quenching rate coefficient s measured
between 300 and 1500 K.
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IV. CONCLUSIONS

This trajectory study predicts that, in HF(v 1) + DF(v 2 ) and DF(v 1) +

HF(v 2 ) collisions , v— v processes occur by inte rmolecular energy exchange
with single-quantum v transitions. The vibrationally excited HF species
transfe r vibrational energy to the DF species. The vibrationally excited
DF species do not transfer vibrational energy to the HF species. The rate
coefficients for the v — v  processes HF(v 1) + DF(v 2 = 0) — ‘- HF(v ’ = v1 - I) -f-

DF(v~ I) with v 1 = I through 4, respectively, increase with increasing
vibrational quantum number v1. The rate coefficients for the v— v
processes HF(v 1 = 1) + DF(v 2)—HF(v = 0) + DF(v~ = v2 + 1) with v2 = I
through 3 decrease with increasing v1. In the v— R  processes, which are
nonresonant energy-transfer processes, several quanta of vibrational energy
of HF(v 1) or DF(v 1) are converted into rotational energy of the molecule.
The v— R  processes occur by intramolecular energy-transfer mechanisms
with multiple-quanta v transitions. This study predicts that v—v up-pumping
coupled with v — R  deactivation with large AJ change s provide the mechanisms
to produce high J states in HF and DF chemical lasers. This study predicts
that collision complexes are not formed for typical HF + DF or DF + HF
collisions at 300 K and beyond . A rotational nonequilibrium model is used
to calculate temperature-dependent quenching rate coefficient s for vibra-
tional relaxation of HF(v 1 = 1) by DF(v2 0) and of DF(v 1 = I) by HF(v2 0).
The results were found to be in good agreement with available experimental
data.
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THE IVAN A. GETTING LABORATORIES

The Laboratory Operation. of The Aerospace Corporation is conducting
eirperimental and theoretical investigati on, necessary for the evaluation and
application of sc ienti fi c advances to new mi litary concept s and system ., Vet-
sati lity and f lexib ility have been developed to a high degree by the laboratory
personn el in dealing with the many problem. encountered in the nation ’ s rapidly
develop ing space and missile systems . Expertise in the latest scientif ic devel-
opment s is vital to the accomplishment of task. related to these probl ems. The
laboratorie, that contribute to this research are :

Aerophysics Labor ator y : Launch and reentry aerodynamics , heat trans-
fi r , reentry physit:s , chemical kinet ic., stru ctu ral mechanic., flight dynamic.,
atmospher ic pollut ion, and high-power gas laser ..

Chemi stry and Physics Laborator y : Atmospher ic reaction , and atmos-
pheric optic., chemical reacti on. In polluted atmos pheres, chemical reaction.
of exc ited s pecies in rocket plumes , chemical thermodynamics , plasma and
laser-induce d reactions , laser chemistry , propul sion chemistry, space vacuum
and radiation effects on mater ial., lubrication and .urfac. phenomena , photo-
sens itive material. and sensor., high prec ision las.? ranging, and the appli~cation of physics and chemistry to problems of law enforcement and biom edicine.

Electronics Research Laboratory : Electromagneti c theory, devices , and
propagatio n phenomena , including pla.ma electromagnetic.; quantum elect ronic ,,
lasers, and electro-optics; communication sciences , applied electronics , semi-
con ducting, supercon ducting, and crysta l device physics, optical and acou s tical
imaging; atmo.pheric pollution ; millimeter wave and far -Infrared technology.

.
Materials Sciences Laboratory : Development of new materials; metal

matri x composites and new for ms of carbon ; test and evaluation of grap hite
and cer amics in reentry; spacecraft materi al. and electronic c omponent s in
nuclear weapon. environme nt; applicat i on of fracture mechanics to stress cor-
ros ion and fati gue-induced fractures in structural metal..

Space Scienc e. Laboratory: Atmospheric and ionosph eric physics, padia-
lion from th. atmosphere , density and composit ion of the atmosphere, auroras
and alrg low; magnetosphe ri c physic ., cosmic rays , generat ion and propa g ation
of plasma waves in the magnetosphere ; solar physics , studies of solar magnetic
field.; space astronomy, x- ray astronomy; the eff ects of nuclear explosions ,
magnetic storm s, and solar acti vity on the earth ’s atmos phere , ionosphere , and
magnetos phere ; the effects of optical , electromagnetic , and particulate rsdta-
tions in space on space systems .

THE AEROSPACE CORPORATION
El S.gundo , Californ ia
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